Colony form
The colony form was studied on plain agar, on Chandelier and on MacConkey plates. In general the Sonne strains produce colonies which are slightly larger, more granular and more opaque than those of the Flexner, Alkalescens and Dispar strains. All plates were kept in a moist jar for three weeks at 370C. a. Shigella sonnei colony. On original isolation all strains showed a uniform colony. At twenty-four hours incubation they were rather flat, slightly granular and opaque, about 3 to 4 mm. in diameter, with a smooth raised central zone grading out to a thin slightly irregular edge. The whole colony was lactosenegative. The colonies continued to increase in size and to spread peripherally until discarded and have reached three centimeters in diameter.
On further incubation, secondary colonies or papillae appeared on the surface of most, but not all, of the original colonies. These papillae, or daughter colonies, consisted of raised, smooth, entire, rounded outgrowths on the surface which, soon after their appearance, caused the medium immediately beneath them to show the lactose-positive change. These daughter colonies were usually 1 to 2 mm. in diameter within forty-eight hours after their appearance; some continued to increase in size while others did not. The length of time required for these papillae to appear varied from strain to strain but could be correlated roughly with the time required for the individual strain to ferment lactose in peptone water medium.
Only one strain (out of fifty-four) failed to show secondary colonies. In this strain the centre of the colony became progressively more heaped up and irregular and eventually the entire colony went lactose-positive. Repeated platings of this strain failed to change its behavior.
Attempts were made to get these secondary papillae to breed true by carefully fishing them from the parent colony and replating through 10 to 12 generations. Each generation began as a lactose-negative colony upon which lactose-positive papillae appeared at about the same interval as on original isolation. The twelfth generation did not differ from the first generation even on a percentage basis. Similarly, the few original primary colonies which showed no lactose-positive papillae (although most other colonies of these same strains on the original plate did show numerous papillae) were replated up to twenty generations, alternating solid and fluid media, without changing the general appearance of any generation. The colonies always started as lactose-negative and most of them later developed lactose-positive papillae.
A second colony form appeared on plating out from older cultures or from cultures grown in 1:10,000 Brilliant-Green Peptone Water. This is a flat, entire colony with a bevelled edge, not granular and with a moist shiny surface, smaller than the ordinary colony, increasing little in size with further incubation and not developing papillae. These colonies do not breed true.
The two colony types gave identical fermentation reactions. b. Shigella dispar colony. These strains showed colonies in every way similar to the granular type of the Sonnei coloniesincluding the formation of small, smooth secondary papillae which became lactose-positive.
c. Shigella alkalescens colony. These strains showed a somewhat smoother granular type of colony and they also later developed secondary papillae. These secondary papillae, however, always remained consistently lactose-negative. separated from the dispar group since the latter ferment xylose and sorbitol and produce indole.
Shigella alkalescens stands distinctly apart from the others in the production of alkalinity in litmus milk, a feature of diagnostic significance, with the fermentation of dulcitol.
The reactions of the Flexner group are not based on the five strains used in this study alone, but compiled from the literature as well as our own experience with other Flexner strains in the past.
In the fermentation of mannitol, all of these groups are related. As Murray (1918) , Andrewes and Inman (1919) , and Gardner (1929) point out, this is the one important fermentable substance of taxonomic value which has stood the test of time.
It is apparent from the data given in table I that complete identification of Shigella sonnei by cultural tests alone cannot be made within a time short enough to be of clinical value. The distinguishing changes in lactose and litmus milk often take two or three weeks to develop. Thus, for rapid diagnosis any mannitol-fermenting dysentery organism must be subjected to serological tests.
B. ANTIGENIC PROPERTIES
The serological properties of the groups were studied by the use of agglutination, agglutinogenic power and the agglutinin absorption reaction.
Methods From an original plate the smoothest colony was selected and large agar plates inoculated. Incubation was for eighteen hours in order to avoid the occurrence of secondary papillae (lactosepositive variants) which, in our experience, never appeared under forty-eight hours. The growth was scraped from the surface of the plate with a spade and suspended in 0.85 per cent NaCl to which 0.3 per cent of formalin was added. Such suspensions remained stable, having no tendency to sediment spontaneously as "rough" strains would be expected to do. They were standardized by comparison with standard opacity tubes by Brown's method.
Rabbits were immunized by the intravenous injection of 500 million, 1000 million and 2000 million formalized bacteria on the first, sixth and eleventh days respectively. The animals were bled on the seventeenth day and the serum obtained usually reached a titre of between 5,000 and 40,000. For agglutination tests, the antigen suspensions were standardized to a final concentration of 400 million bacteria in each tubt, the total volume of fluid being 2.0 cc. The range of serum dilutions in each test was from 1 in 40 to 1 in 80,000. Lower dilutions were avoided because experience had shown that normal rabbit serum often agglutinated various dysentery bacteria in lower dilution but that the titre rarely exceeded 1 in 40. The end-point selected in each test was the greatest dilution of serum which gave complete agglutination and a clear supernatant fluid after twenty-four hours incubation at 370C.
For agglutinin absorption tests the antigens were standardized to a final concentration of 135,000 million bacteria per cc. of undiluted serum. Absorptions were done in a final 1-in-10 dilution of serum in a total volume of 10 cc; incubated for 5 hours at 370C.; then left in the ice box overnight before centrifuging. The absorbed serum was then tested not only against the homologous strain but also against several others.
At the beginning of this study an agglutinating serum was prepared in rabbits for all of the strains available at that time. Twenty-seven serums in all were prepared against twenty-seven different strains. Of these, 14 were S. sonnei, 5 were S. paradysenteriae (flexner), 4 were S. alkalescens and 4 were S. dispar. Later, additional strains were added to the series, so that our results are finally based on tests involving twenty-seven serums and eighty-eight strains. 54 of these strains were finally classified as S. sonnei, 14 as S. alkalescens, 15 as S. dispar and 5 were type strains of S. paradysenteriae (flexner). (Kruse (1907) , Hilgers (1920) , Fraser, Kinlock & Smith (1926) , Kerrin (1928) , Nelson (1930) and Koser, Reiter, Bortniker and Swingle (1932) ), Numbers refer to the end point tube (complete agglutination) in a series where 10 represents the titre for the homologous strain. though others (Sonne (1915) , Murakami (1927) , Leuchs and Plockmann (1927) ) suggest the existence of two serological varieties. Since it is apparently the most common type of the sonnei organism isolated, we propose calling this group Shigela sonnei, Type I.
The second group includes 6 strains isolated in this laboratory. An additional 6 strains, also isolated here but not listed in the table, fall into this group as well. These strains are agglutinated to not more than a small fraction of the titre by any serum of Type I. However, a serum prepared from two of these strains, B217 and B597, will agglutinate all strains of both types to full titre. Since this group is less commonly found than the former we propose calling it Shigella sonnei, Type II. It should be recorded that this Type II is probably more distinctive of the species Shigella sonnei than Type I as judged by taxonomic standards-a point which will be further supported by later evidence.
In order to check these results and to control the factor of variation in-agglutinability of strains, absorption tests were carried out. Table 3 shows the result of some of these absorptions. The table is condensed from a large series of absorptions in which the results illustrated were characteristic of the entire series.
These absorptions confirm the results of straight agglutination tests as to the existence of two types of Shigelka sonnei. They also warrant additional statements regarding the antigenic structure of the two types.
Type II evidently contains both Type I and Type II antigens in considerable amounts because, not only will its serum agglutinate both types to full titre, but it will itself completely absorb the agglutinins from serum of both types.
Type I, on the other hand, apparently contains the Type I antigen in predominance, with a relatively small amount of Type II antigen, since its serum will agglutinate Type II to only a fraction of its titre, and it will absorb not more than 50 to 75 per cent of the agglutinins from a Type II serum.
The question might arise whether we are dealing here with a smooth-rough type of variation such as Johnston and Kaake (1932) concluded was the explanation of the two types described by Johnston and Brown (1930 Takita (1937).) Our data at present do not permit a decision on these points and to pursue them further would unnecessarily prolong this paper and would deviate from our original purpose.
Tentatively, we suggest that Shigelkl sonnei contains two predominant antigens which we call Type I and Type II. The Type II is the more distinctive Sonne bacillus in that it contains a considerable amount of both antigens while the Type I seems to lack some antigen present in Type II. In other words, an anti-Type II serum will agglutinate all types of Sonne strains that we have encountered but an anti-Type I serum will fail to agglutinate some of them except in fractions of the serum titre.
Having determined the major antigens in Shigella sonnei we next studied the minor antigens which relate it to the other mannitol-fermenting groups of dysentery bacteria. The results of table 4 again confirm our views that the Type II Sonne bacillus is the more typical of the species in that its antigens are more redominantly Shigella sonnei in character. If it contains the antigens common to the Flexner, Alkalescens and Dispar groups, these are not brought into evidence by this type of test.
Reciprocal absorption tests failed to add to the information given in table 4.
DISCUSSION
If the dysentery group as a whole be divided primarily on a basis of mannitol fermentation we find that the non-mannitolfermenters, Shigella dy8enteriae, Shigella ambigua, (Schmitz bacillus) stand sharply apart from the others by reason of a number of properties; cultural, antigenic and pathogenic. The next subdivision, among the mannitol fermenters themselves, is not so clear cut and overlapping occurs in many of the properties of each species. The most striking and most reliable feature which can be used to separate the Sonnei-Dispar group from the Flexner group is the fermentation of lactose, but this may be delayed as long as three or four weeks. Because the individual strains of the Flexner group are so variable in themselves it is impossible to distinguish between Flexner and Sonne or Dispar on cultural grounds alone until sufficient time has been allowed for the fermentation of lactose. Serologically also, enough overlapping occurs to require a complete series of agglutinations to the full titer of the serum before reliance can be placed on this type of information.
It is, of course, just this similarity of properties among the mannitol-fermenting dysentery organisms that justifies considering them more closely related to one another than is the relationship of any one of them to either Shiga or Schmitz.
We believe that Alkalescens belongs in the mannitol-fermenting group of dysentery organisms in spite of its indefinite pathogenicity. From a taxonomic viewpoint, pathogenicity must be regarded as only one of the properties of a species, not necessarily more important per se than a combination of other proper-ties. For similar reasons we have excluded from our study such species as have been described under the name of "Coli Anaerogenes." On closer examination some of these strains are either true Sonne or Dispar or they produce small quantities of gas, often late, and thus appear to be more nearly related to the Escherichiae (Coli-Aerogenes group) than to the dysentery group. (Topley and Wilson 1936) ).
The occurrence of secondary papillae on colonies is not confined to members of the Genus Shigella; it is occasionally found also among other genera in Eberthelka and Salmonella. But in the Genus Shigella it reaches a marked development. Less commonly seen in the Shiga and Schmitz species, it becomes more frequent in the Flexner and Alkalescens species and is the rule rather than the exception in Sonne and Dispar. So much is this so, that the phenomenon of late lactose fermentation in Sonne and Dispar seems dependent on the production of these papillae. They are, in fact, variants of the original strains with new fermenting powers. We have consistently failed to get the variants to breed true; they also revert to the lactose-negative state on fresh media and the fermentation of this sugar occurs only in ageing cultures. The failure to secure a pure culture of lactosepositive Sonne has prevented our using it for antigenic analysis.
While we feel certain of the presence of at least two major antigens in Shigella sonnei, we fine no indication that they are associated with a rough-smooth variation. If "roughness" be defined as a rough colony which does not remain in suspension in the presence of electrolytes, these antigens are both smooth antigens. If, on the other hand, "roughness" is defined as the quantitative loss of some antigenic component, we find that our Type II possesses an antigenic component not present in our Type I; but both serological types are independent of the variation observed in colony form. We have not investigated the possibility of a diphasic variation.
From the standpoint of practical diagnosis only the Type II antibody can be relied on to detect all strains of Shigella sonrei; the Type II antibody will agglutinate all strains to full titre while the Type I antibody will agglutinate only the Type I antigen to full titre and the type II antigen to a fraction of its titer. The minor antigens of Shigella sonnei which show cross reactions with Shigella paradysenteriae, Shigella alkalescens and Shigella dispar again emphasize the close taxonomic relationship of these four species. It is interesting that Type II, which is regarded as the more distinctive, shows fewer cross reactions with the other three than does Type I.
We have searched for, and failed to find, any cultural or biochemical property by which Type I strains might be distinguished from Type II strains. All of our Type II strains have been recent isolations but an even greater number of recent strains belong to Type I. Indeed, both types have occurred at the same time on the same original plate from the same stool specimen.
SUMMARY AND CONCLUSIONS 1. Shigella sonnei is closely related culturally and antigenically to three other members of the mannitol-fermenting species of dysentery organisms; namely the Shigella paradysenteriae (Flexner's bacillus), Shigella alkalescens and Shigella dispar.
2. The most outstanding distinguishing property of Shigella sonnei, the late fermentation of lactose, is due to the appearance in ageing cultures of variants with new fermenting powers. These variants are seen in the original colony as secondary papillae arising directly from the mother colony only after the colony has aged.
3. These variants are not permanent. When transferred to fresh medium, they immediately revert to the lactose-negative state and, eventually, these transfers in turn produce lactose positive variants. This succession of events may be continued indefinitely.
4. At least two major antigens are present in Shigella sonnei -both of which are present in all strains but to varying degrees. Shigella 
